The purpose of the present investigation was to examine the relationship between age and the intensity of the daily physical activity in men and women, aged 18 to 69 years. Methods: A total 507 volunteers continuously wore a pedometer with a uni-axial accelerometer (Lifecorder, Kenz, Japan) for 7 days, to determine the number of steps (steps/ day) as well as the time spent in physical activity (minutes/day) at light (below 3 METs), moderate (3 to 6 METs), and vigorous (above 6 METs) intensities, respectively. All procedures carried out in the present investigation were conducted from 1999 to 2000 in Japan.
comparison with inactive individuals. [4] [5] [6] [7] Furthermore, regular physical activity has also been shown to improve the daily energy expenditure and the muscular strength. 8 These desirable effects of physical activity on healthy lifestyles have been confirmed by both epidemiological studies and intervention studies. [1] [2] [3] [4] [5] [6] [7] [8] Therefore, the consensus statements have recommended increasing the physical activity level to prevent several diseases. [1] [2] [3] Aging is associated with inactivity. Although a higher level of physical activity can be maintained by participating in regular exercise regardless of age, previous investigations have apparently demonstrated that the intensity, duration, and amount of physical activity, number of steps, as well as physical activity related energy expenditure decreases with aging. [8] [9] [10] [11] [12] [13] The number of steps decreases an average of 700 steps per day every decade from age 30 to age 70. 9 Furthermore, a doubly labeled water study has shown that the physical activity energy expenditure declines about 9% per decade. 13 These age-associated declines of physical activity may explain the increasing incidence of obesity, and the increasing risk of the all-cause mortality in older adults. 4 The age-associated changes in physical activity remain unclear, however. The age-associated changes in daily physical activity should focus on not only the amount of physical activity (energy expenditure, number of steps) but also the intensity of the physical activity, because recent statements have suggested the importance of a moderate to vigorous intensity of physical activity (MVPA). [1] [2] [3] Moreover, the intensity of physical activity strongly predicted the risk of all cause-mortality, rather than the total amount of physical activity. 6 Although previous studies have demonstrated the relationship of age with the intensity of physical activity, as assessed by questionnaires, 11 recent investigations have demonstrated that physical activity should be measured by means of an objective assessment rather than an interview. 14 Furthermore, recent investigations have demonstrated that the time spent in MVPA decreased with increasing age as determined by an accelerometer 10, 12, 15 . Although these studies 10, 12, 15 midline of the thigh on the waist band of the participant's clothing continuously for 10 days, except while sleeping and bathing. After the data collection period, the device was retrieved and the obtained data were downloaded onto a computer. To assess the usual daily physical activity level, this investigation used the final 7 days of continuous data from a 10-day collection period.
The Lifecorder is small (6 cm  4.6 cm  2.6 cm) and lightweight (40g). This device samples vertical acceleration that ranges from 0.06 G to 1.94 G (one G is equal to the acceleration of earth's gravity) at 32 Hz. Based on the acceleration pattern, this device determines the number of steps (in steps per day) and the physical activity level (1 to 9). Based on the previous investigation, 17 of these nine physical activity levels, the present investigation defined 1 to 3, 4 to 6, and 7 to 9 as light (< 3 METs); moderate (3 to 6 METs); and vigorous (> 6 METs) intensity of physical activity (LPA, MPA, and VPA), respectively. Furthermore, the sum of the physical activity from level 1 to 9 was defined as the total physical activity. The proportion of LPA, MPA, and VPA in the total physical activity was calculated by dividing them by the total physical activity.
The accelerometer has been tested and shown to provide comparable results to that of the indirect calorimeter 17 and the triaxial accelerometer. 18 In addition, the reported margin of error regarding the number of steps was less than 3%. [19] [20] [21] It must be noted, however, that the Lifecorder detects physical activity above 1.8 METs, 17 therefore time spent in light intensity physical activity might have been somewhat underestimated. Further details on this device have been described in earlier publications. [16] [17] [18] [19] [20] [21] 
Data Analysis and Statistics
The data were expressed as the mean and standard deviations (Mean ± SD). The subjects were categorized based on age (19 to 29 yr, 30 to 49 yr, and 50 to 69 yr) as well as the number of the steps (< 5000, 5000 to showed the negative association between age and the time in MVPA, the time spent in MVPA was significantly associated with the amount of physical activity. 16 To the best of our knowledge, no previous investigation has yet examined whether the age-associate decline of MVPA depends on a decrease in the total amount of physical activity or the changes in the intensity distribution of the physical activity.
The purpose of the present investigation, therefore, was to examine the age-associated changes of the intensity distribution of daily physical activity in the second to sixth decade of life using an accelerometer.
Methods

Subjects
A total 527 Japanese volunteers underwent a regional medical examination in Fukuoka and Saga prefectures of Japan. Of these, 20 volunteers could not complete the physical activity assessment, because they could not wear the accelerometer for a part of the experimental days. Therefore, the current study analyzed the remaining 507 adults. The characteristics of the subjects are shown in Table 1 . All subjects of the present investigation were independently living and were free from any chronic diseases.
After explaining the study design and requirements to all participants, all signed a consent form that was approved by the ethics committee of the Fukuoka University School of Medicine to participate in this study. All procedures of the present investigation were conducted in the spring or autumn of 1999 to 2000 in Japan.
Physical Activity Assessment
After measuring the height and weight of the participants, all subjects wore a uni-axial accelerometer (Lifecorder, Suzuken Co., Nagoya, Japan) on the left anterior Data are expressed in mean ± standard deviation. a significantly different compared with women in the same age categories (P < .05), b significantly different compared with younger subjects (P < .05), c significantly different compared with middle-aged subjects (P < .05).
more, within the same category of steps, the time spent in LPA, MPA, and VPA differed significantly according to age (Table 3 ). The youngest group spent significantly shorter time in LPA in comparison with the others, and MPA and VPA were significantly longer in the youngest group in comparison with the others. Figure 3 shows the age-associated decline of the time spent in MVPA within the same number of steps. In each category divided by the number of steps, the youngest group spent a significantly longer time in MVPA in comparison with the 2 older groups (P < 0.05, Figure 3 ).
Discussion
The purpose of the present investigation was to examine the age-associated change of the intensity distribution of daily physical activity in the second to sixth decade of life using an accelerometer. As a result, we found that the time spent in MVPA decreased with increasing age. In contrast, the time spent in LPA significantly increased with increasing age. Moreover, these age-associated changes in the intensity distribution of physical activity were not affected by the number of steps. This is one of the original aspects of the present investigation where the intensity of daily physical activity decreased with increasing age regardless of the amount of physical activity in the second to sixth decade of life. The previous studies 10-12,15,23 support our findings. Population-based studies have demonstrated that the physical activity level, as assessed by questioners, decreased in middle adulthood in comparison with young adulthood, and the physical activity level was maintained during middle adulthood, and thereafter the physical activity level decrease accelerates after retirement age. 11, 23 Moreover, some previous studies have also showed that the time spent in MVPA decreases with aging using the accelerometer. 12, 15 Meijer et al 10 demonstrated that younger individuals spent a shorter amount of time in LPA in comparison with older indi-7499, 7500 to 9999, 10000 to 12499, and > 12499 steps per day −1 ) according to the previous publication. 22 Two factors measures ANOVA and the posthoc analysis (Sheffe) were used to determine any differences in the subject characteristics as well as physical activity variables among the three age groups and the number of steps, respectively. A p-value of < 0.05 was considered to be statistically significant for all analyses.
Results
The number of steps, time spent in LPA, MPA, and VPA are shown in Table 2 . In both men and women, the number of steps and the time spent in MPA and VPA were significantly lower in the oldest group in comparison with the youngest group (P < 0.001). In contrast, the time spent in LPA was significantly shorter in the youngest group compared with others.
The number of steps, the time spent in LPA, MPA, and VPA is shown in Table 1 . The time spent in MPA and VPA was significantly longer in the youngest group in comparison with the others. However, the time spent in LPA was significantly longer in the 30 to 49 yr group in comparison with the youngest group. Furthermore, Figure 1 and Figure 2 show the relationship of age with the time spent in MVPA ( Figure 1 ) and the distribution of LPA and MVPA (Figure 2 ). The time spent in MVPA was negatively correlated with age in men and women ( Figure 1) . Furthermore, of all active times, the proportion of LPA was positively associated with age, whereas the proportion of MVPA negatively associated with age ( Figure 2 ). The correlation coefficient was r = .411 (P < .001) in men and r = .430 (P < .001) in women.
The time spent distribution of physical activity according to sex, age, and the number of steps is shown in Table 3 . Among the same age group, the time spent in LPA, MPA, and VPA significantly increased with the increase in the number of steps (P < 0.001). Further- to 30 yr olds were excluded (Figure 1 ). Therefore, it is obvious that the intensity of the physical activity changes with increasing age, and these age-associate changes in the intensity distribution of the physical activity may be accelerated after the third to forth decades of life. There are some additional aspects of these changes in the intensity distribution of daily physical activity. First, the viduals. In the present investigation, significant differences were similarly found, mainly between the youngest group (18 to 29 yr) and the two older groups (30 to 49 yr and 50 to 69 yr), but no clear age-associated changes in the physical activity was fond in third to sixth decades of life. The relationship between age and the time spent in MVPA was found to be weak when 20 MVPA. Similarly, previous investigations have suggested that the 10000 steps did not guarantee the achievement of the current guidelines of 30 min per day of MVPA. 15, 26, 27 Based on the current results, if younger and older individuals took the same number of steps, the younger individuals would tend to spend significantly longer time in MVPA than the older individual. Therefore, the interindividuals variability of the relationship between the number of steps and MVPA was caused by the inert-individuals variability of the intensity distribution of physical activity. Furthermore, middle to older age individuals may be encouraged to take a larger number of steps to maximize the current guidelines of MVPA in comparison with that in younger individuals.
One of the strengths of the present investigation is that the physical activity was measured objectively by the accelerometer. The accelerometer has been accepted as a valid assessment device for MVPA, 14, 17, 18 and this device could assess the intensity of physical activity, not change in the walking speed was associated with the age-associated change in the intensity distribution of the daily physical activity. Walking is the most usual locomotion and the usual walking speed decreases with aging. 24 In addition, the type of physical activity changes with increasing age. Based on the previous publication, which measured the type of physical activity determined by the questioner, the time spent in sports activities corresponding to MVPA decreases from the third decade of life. 25 In contrast, the time spent in paid work activity and housework, corresponding to LPA, increased after 30 years of age. 25 Although previous investigations have demonstrated the age-associated decline of MVPA, 10,12,15 the present investigation, for the first time demonstrated that these changes in the intensity distribution of daily physical activity are independent from the number of steps. Therefore, an individual who takes a greater number of steps may not always spend a longer time in 
Active 7 ± 7 3 ± 4 4 ± 4 6 ± 4 4 ± 5 3 ± 7 Highly active 16 ± 10 13 ± 12 c 1 ± 1 bc a P < .0001 10 ± 9 5 ± 7 5 ± 5 a P = .9953
Data are expressed in mean ± standard deviation. LPA, time spent in light intensity physical activity; MPA, time spent in moderate intensity physical activity; VPA, time spent in vigorous intensity physical activity. The subjects were categorized in to "Sedentary" "Low active" "Somewhat active" "Active" or "Highly active" according to the number of the steps (< 5000, 5000 to 7499, 7500 to 9999, 10000 to 12499 and > 12499 steps per day −1 ) according to the previous publication. 22 a the results of 2-way ANOVA (Number of steps  Age), b significantly different compared with women (P < .05), c significantly different compared with younger subjects (P < .05), d significantly different compared with middle-aged subjects (P < .05).
physical activity. Consequently, we found that the time spent in MVPA decreased with an increasing age. In contrast, the time spent in LPA significantly increased with increasing age. Furthermore, these age-associated changes in the intensity distribution of physical activity were not affected by the number of steps. These results indicate that the intensity of daily physical activity decreases with increasing age regardless of the amount of physical activity in the second to sixth decade of life. Therefore, middle-aged to older individuals may be encouraged to improve the intensity of physical activity rather than the number of steps to achieve the current guidelines for physical activity.
only the amount of physical activity. Furthermore, since the Lifecorder assessed both the number of steps and MVPA validly, [16] [17] [18] [19] [20] [21] the current study demonstrated the age-associated decline of physical activity intensity independent from the number of steps. Although the pedometer has also been validated for the assessment of physical activity, a general pedometer could not assess validly anything except the number of steps. 20, 21 Moreover, the indirect-calorimeter and the doubly labeled water method, which have been the gold standard of physical activity assessment, are unable to evaluate the intensity of physical activity under free-living conditions. In addition, the accuracy of the questioners regarding the physical activity has been questionable. Previous investigation has indicated that physical activity as assessed by an interviewer does not associate with mortality, while physical activity assessed by the doubly labeled water method did. 14 There are some limitations in the present investigation. First, this investigation was conducted under a cross-sectional design. Second, the subjects of the present investigation were limited to young to middle-aged Japanese individuals. Therefore, the age-associated changes of the daily physical activity remain unclear in adolescents and the elderly, as well as the long-term longitudinal changes in the intensity of physical activity. Furthermore, the results of the present investigation should be further confirmed in both North American and European populations. In addition, the accelerometer cannot assess the upper arm activity and nonambulatory activity, such as swimming.
In summary, the present investigation was conducted to identify the age-associated changes in daily Figure 3 -The age-related changes in the time spent in moderate to vigorous intensity of physical activity within the same number of daily steps. ** shows a significant difference in comparison with the youngest group (P < .01). a shows a P value of interaction by 2 ways repeated measurement ANOVA.
